Introduction
============

Background and Theory
---------------------

Children in the United States spend more time with electronic media than any other activity except sleep \[[@ref1]\]. Their daily video game play has tripled over the past decade \[[@ref1]\]. Traditional video games are sedentary \[[@ref2]\] and the likelihood of getting physical activity from health education games is low \[[@ref3]\]. Active video games (AVGs), or "interactive video or electronic games that feature player movement, such as would occur in 'real-life' exercise participation" \[[@ref4]\], capable of inducing moderate physical activity levels may be a method for increasing youth physical activity \[[@ref5]-[@ref7]\].

A critical issue for AVG interventions, however, is that players typically do not play them for sufficiently long durations \[[@ref8]\]. Innovative approaches to promote continued game play are needed to address this problem. A possible solution is the telling of narratives, or stories, one of the most distinctive characteristics of human social groups \[[@ref9]\]. Narratives may have a crucial role in motivating increased game play in AVGs through their immersive properties, resulting in increased engagement, but their role has not been systematically investigated \[[@ref10]\].

To our knowledge, this is the first feasibility study to systematically investigate the effect of narrative on children's AVG play, testing the hypothesis that narratives will increase physical activity during AVG play. A professionally developed narrative cutscene was developed (ie, a brief, animated movie clip) for an existing AVG requiring trunk movement at a moderate level of physical activity. Children aged 8-11 years played either the narrative or the nonnarrative version of the game by either watching or not watching the narrative cutscene before game play.

Childhood obesity is a worldwide problem \[[@ref11]\], which increases the risk of certain cancers \[[@ref12]-[@ref14]\], shortens life span \[[@ref15]\], impedes functional ability \[[@ref15]\], diminishes quality of life \[[@ref15]\], and tracks into adulthood \[[@ref16]\]. Physical activity is critical to preventing childhood obesity \[[@ref17],[@ref18]\]. US physical activity guidelines recommend 60+ minutes of age-appropriate, enjoyable, mostly moderate or vigorous daily physical activity for children \[[@ref17]\]. Yet few children meet these guidelines \[[@ref18]\]. Most physical activity interventions have not achieved these effects; lack of access and motivation were identified as key challenges \[[@ref19]-[@ref21]\].

Active video games could provide an innovative method of increasing physical activity with promising health outcomes for many children \[[@ref22]\]. As of 2014, an average US household owned at least one dedicated gaming device \[[@ref23]\]. All major game console manufacturers offer controllers that can be used as exercise equipment \[[@ref24]\]. In 2015, a typical child in the United States aged 8-12 years spent 1.33 hours/day playing video games and 81% of them had a video game console at home \[[@ref25]\]. Access to these types of equipment may encourage physical activity among children who live in unsafe neighborhoods that lack accessible outdoor alternatives \[[@ref4],[@ref26],[@ref27]\]. Replacing sedentary activities (eg, entertainment-oriented video games) with AVG play may increase physical activity, thus reducing obesity risk \[[@ref28]\].

While AVGs may prevent childhood obesity by increasing physical activity levels, reported AVG play duration varies. One study found that a quarter of young players played AVGs for 2 days a week in bouts of 50 minutes on average \[[@ref29]\], whereas another showed that the daily average time spent playing AVGs was only 5 minutes (SD 13.1) for adults and 8 minutes (SD 14.7) for children \[[@ref30]\]. Despite game companies' continued high level of investment in "AAA" games, that is, games with the highest development budgets, quality, and levels of promotion \[[@ref31]\], most players did not play one game completely before starting a new one \[[@ref8]\]. The obesity-combating potential of AVG cannot be realized if players do not play in sufficient dosage \[[@ref32]-[@ref34]\].

Approaches are needed to enhance physical activity resulting from AVG play. Narratives possess unique motivational properties that may encourage AVG play \[[@ref10]\]. Although narratives appear in some health video games \[[@ref35]\], most were simply used as background context at the beginning of a game and not well adapted throughout the game play. Few AVGs capable of achieving a moderate physical activity level have incorporated narratives \[[@ref36]\]. One of the most basic forms of human communication \[[@ref37]\], a narrative can be defined as any two or more events arranged in a chronological or causal order \[[@ref38]\]. The ability to enjoy narratives is universal \[[@ref39]\]. On the psychological level, narratives have a significant impact on cognition, affect, and, potentially, health behavior \[[@ref40]\] through transportation, a unique immersive quality that enables suspension of disbelief \[[@ref41]\], instills vivid personal experiences \[[@ref42],[@ref43]\], and helps create deep affection for the characters \[[@ref44]\]. The addition of compelling narratives to AVGs could foster strong intrinsic motivation, defined as motivation that comes from inside an individual rather than from outside, to play by reducing cognitive load \[[@ref45]\]; engendering arousal and attention \[[@ref46]\]; eliciting character identification \[[@ref47]\]; and absorbing players in an immersive fictional world \[[@ref48]\] that promotes physical activity as necessary and fun \[[@ref49]\]. Narratives also encourage players in their role as characters to enhance and maintain their physical activity \[[@ref50]\]. On the behavioral level, AVGs with well-constructed stories may elicit desirable behavioral consequences, such as a higher level of physical activity than that elicited by nonnarrative AVGs. [Figure 1](#figure1){ref-type="fig"} illustrates the conceptual model of the potential mechanism for narrative effects. A more detailed explanation of this conceptual model can be found elsewhere \[[@ref10]\]. As part of the initial approach in addressing this gap in scientific understanding, this feasibility study tested the hypothesis that a child-friendly narrative would increase physical activity during AVG play.

![Conceptual model of the mechanisms for narrative effects. AVG: active video game.](jmir_v18i10e272_fig1){#figure1}

Hypothesis
----------

The narrative version of the AVG will result in a higher level of physical activity measured by steps/second count, total steps count, play duration, and total energy expenditure than the nonnarrative version.

Methods
=======

Design
------

This study used a 2-arm randomized controlled design with assessments of children's AVG play during and after the sessions. Children were randomly assigned to narrative (n=20) or nonnarrative (n=20) groups.

Sample
------

Inclusion criteria were as follows: age 8-12 years, between the 85th and 99th percentiles for body mass index (BMI), ability to speak and understand English, and physically able to play the selected AVG. This group was targeted because (1) obese children in this age group are highly likely to become obese young adults \[[@ref51]\] and interventions have had effects primarily among the overweight and obese \[[@ref52],[@ref53]\]; (2) children younger than 8 years have cognitive limitations in responding to questionnaires \[[@ref54]\], while children older than 12 years have entered early adolescence and may require different intervention strategies \[[@ref55]\]; (3) English is a commonly taught language among children, including migrant children living in the study region; and (4) higher BMI percentile could prevent them from playing the AVG safely. Exclusionary criteria were not speaking or understanding English, having medical or physical problems that prevented AVG game play (eg, epilepsy, using orthopedic devices), or morbid obesity (BMI percentile ≥ 99). Special attention was given to recruiting African American and Hispanic children, the racial and ethnic groups linked to higher rates of obesity \[[@ref11]\].

The Institutional Review Boards of Northwestern University and the Baylor College of Medicine approved the research protocols. Children were recruited from mostly lower-income public schools in Chicago and a participant database in Houston. Parents provided written informed consent and children provided written informed assent.

Intervention: Narrative Development and Format
----------------------------------------------

Prior research has used both quantitative and qualitative methods (surveys and cognitive interviews) to explore child preferences for the type of narrative genres (eg, adventure, fable, mystery, comedy) and story plots. A total of 4 plots were developed to presage the selected AVG, *Swordplay: Showdown* (Nintendo Co, Ltd, Kyoto, Japan), by a professional media production company. *Swordplay: Showdown* requires players to wave a remote game controller as a sword to knock out enemies coming at them in different environments (eg, bridge, mountain, ruins). Because the essential movement was to wield a sword, "sword fighting" became the theme of the 4 narratives. An earlier formative observational study suggested that children playing this game were more likely to engage in trunk movement instead of just moving their arms or wrists.

A total of 20 children were recruited from the Chicago metro area. Of the 4 narrative plots, *The Door* was the children's preferred story line. *The Door* tells the story of an ordinary child mysteriously absorbed into a strange world full of cartoon stickmen carrying swords. Results of cutscene testing and development are reported elsewhere \[[@ref56]\]. To ensure the narrative would appeal to a diverse audience, character race and ethnic background as well as the plot and background cues were made racially and ethnically ambiguous \[[@ref57]-[@ref59]\].

The selected plot was fully developed and entitled *The Door*. *The Door* included information about the health benefits of physical activity, delivered in a narrative format through character dialogue. To ensure narrative was an optimal message format for health information delivery, a nonnarrative cutscene of comparable character and background setting containing the same type of information about the health benefits of physical activity was produced as a control condition. In the narrative version, when stickmen started to attack the player, they explained the benefits of physical activity and encouraged the player to stay physically active. In the nonnarrative version, stickmen communicated to the player the same information. More details about the conditions can be found elsewhere \[[@ref60]\].

Another 20 children from the Houston metro area were recruited to evaluate the narrative and nonnarrative cutscenes. Results indicated that children preferred the narrative cutscene over the nonnarrative cutscene \[[@ref60]\]. The narrative version of *The Door* was burned onto a digital video disc (DVD) for use in the study.

Implementation
--------------

A total of 40 children from the Houston metro area were recruited. Of these children, 8 participated in a pilot-testing session and 32 participated in the main study. The research protocol did not change between the pilot testing and main study. Thus, results were combined. Children were brought to the Metabolic Research Unit (MRU) of the Children's Nutrition Research Center located in the Texas Medical Center in Houston, Texas. The MRU consisted of a private, semiopen space simulating a modern-day living room with home furniture and household electronics (eg, television) with a separate waiting room attached. Children played the AVG inside the room, while their parents stayed in the waiting room.

After consent and assent and facility orientation, children were randomly assigned to 1 of 2 conditions (narrative or nonnarrative) with 2 physical activity measurement instruments attached by a trained research associate. Those in the narrative condition first watched *The Door* (3 minutes in length) on a large LCD (liquid crystal display) television. The research associate then remotely switched the display from the DVD player to a Wii console preloaded with the *Swordplay: Showdown* AVG. The child was instructed to play the game for as long as he or she desired, up to a maximum playtime of 30 minutes. The research associate exited the room during AVG play to avoid social facilitation and observed the child play from a hidden monitor. The research protocol for those in the nonnarrative condition was identical, except that the children did not view the narrative cutscene before playing the AVG.

Incentives
----------

Each of the 40 children participating in the AVG play study session received a US \$25 gift card.

Measures
--------

Children's BMI was calculated as weight in kilograms divided by height in meters squared \[[@ref61]\]. Children's height and weight were measured twice by a research associate. A portable stadiometer (Shorr Height Measuring Board, Weigh and Measure, LLC, Olney, MD, USA) was used to measure height to the nearest 0.1 cm. Children's weight was measured to the nearest 0.1 kg using a calibrated scale (Seca 813 digital floor scale, Seca GmbH & Co KG, Hamburg, Germany). The mean of the 2 recordings was recorded. A third measurement was taken in the event of a \>0.2 cm or \>0.2 kg difference between the first 2 measurements; the mean of these 3 measurements was taken. Each child's age- and sex-specific BMI percentile was obtained from the Centers for Disease Control and Prevention manual \[[@ref61]\].

Traditionally, activity sensors have been worn on the hip or arm areas for physical activity assessment. To measure physical activity during children's AVG play, a Sensewear Pro Armband \[[@ref62]\] (Sensewear, Jawbone, San Francisco, CA, USA) and ActiGraph GT3X+ triaxial accelerometer \[[@ref63]\] (ActiGraph, ActiGraph, LLC, Pensacola, FL, USA) were attached to children (Sensewear Pro on their upper arms and ActiGraph on their hips). The devices were synchronized to ensure they recorded similar time intervals. The research associate documented the duration of the children's AVG play time with a stopwatch. Step data were obtained from both the Sensewear Pro Armband and the ActiGraph accelerometer. Energy expenditure in joules was tracked through the Sensewear Pro Armband.

Social desirability of responses was assessed with the Revised Children's Manifest Anxiety Scale (Sample item: I never say things I shouldn't.) \[[@ref64]\]. The questions were collected via a touch-screen tablet.

Statistical Analysis
--------------------

Independent *t* tests were performed to detect between-group differences in demographic information and BMI. For physical activity measurement, 2 phases were adopted for inferential statistical comparisons of the between-group difference using 2-sample *t* tests assuming unequal variances. Step 1 tested for significant differences in demographic (eg, age) and anthropometric (eg, BMI) measures to determine if the randomization process resulted in any biases in group physical characteristics. Step 2 compared play characteristics in terms of play duration, number of steps, and energy expenditure.

Power analysis showed that with 40 participants (20 per randomized sequence) and an alpha of .05, a 2-sided independent *t* test of the between-group narrative effect had 80% power to detect a large effect size of 0.91 SD units between means of the 2 conditions (narrative vs nonnarrative).

Independent 2-sample *t* tests and chi-square tests showed no between-group differences regarding demographic and baseline anthropometric measures of height, weight, BMI, BMI percentile, or social desirability. Because there was no group bias in participant height, weight, or demographics, covariance analysis was not conducted.

To test whether the narrative cutscene resulted in a more even distribution of activity over the play period, information entropy was used to analyze the probability distribution of the activity monitor data. Higher entropy indicates that the data are more evenly distributed, whereas lower entropy values indicate that activity was clustered around a narrow activity range.

Results
=======

The demographic information for the 40 children can be found in [Table 1](#table1){ref-type="table"}. The children were on average 9.6 years old and were evenly distributed on the basis of sex. They were from diverse backgrounds, with an overrepresentation of African and Hispanic American children (31/40, 78%). All children were overweight or obese (BMI = 27.2, BMI percentile = 94.3). Most parents (31/40, 78%) had attended some college or beyond. Children primarily resided in single-family homes (35/40, 88%) and lived with 2 or more adults in the household (34/40, 85%). When asked how they liked being in this project at the end of game play, all expressed that participating in the project was a positive experience and that they would like to participate in similar projects in the future.

###### 

Children's demographic and weight information (N=40).

  ------------------------------------------------------------------------------------------------
  Measure                                            Count, n               \% or mean (SD)   
  -------------------------------------------------- ---------------------- ----------------- ----
  **Sex (%)**                                        \                      \                 

  \                                                  Female                 20                50

  \                                                  Male                   20                50

  **Race (%)**                                       \                      \                 

  \                                                  Asian                  2                 5

  \                                                  African American       14                35

  \                                                  White American         6                 15

  \                                                  Hispanic American      17                43

  \                                                  Multiracial            1                 2

  Age in years, mean (SD)                            N/A^a^                 9.6 (1.2)         

  BMI^b^ in kg/m^2^, mean (SD)                       N/A                    27.2 (11.9)       

  BMI percentile, mean (SD)                          N/A                    94.3 (12)         

  **Parent education (%)**                           \                      \                 

  \                                                  Eighth grade or less   1                 2

  \                                                  Some high school       1                 2

  \                                                  High school            4                 10

  \                                                  Technical school       3                 8

  \                                                  Some college           9                 22

  \                                                  College                11                28

  \                                                  Postgraduate           11                28

  **Annual income in US \$ (%)**                     \                      \                 

  \                                                  \< 20,000              5                 12

  \                                                  20,000-39,999          7                 17

  \                                                  40,000-59,999          12                30

  \                                                  60,000-79,999          5                 13

  \                                                  80,000-100,000         5                 13

  \                                                  \>100,000              6                 15

  **Type of residence (%)**                          \                      \                 

  \                                                  Single-family house    35                88

  \                                                  Apartment              3                 7

  \                                                  Other                  2                 5

  **Number of adults living in the household (%)**   \                      \                 

  \                                                  1                      6                 15

  \                                                  2                      27                68

  \                                                  3                      7                 17
  ------------------------------------------------------------------------------------------------

^a^N/A: not applicable.

^b^BMI: Body mass index.

###### 

Children's physical activity levels during game play (N=40).

  ---------------------------------------------------------------------------------------------------------------------------
  Device      Variable                   Narrative (n=20), mean (SD)   Nonnarrative (n=20), mean (SD)   *t*~19~   *P* value
  ----------- -------------------------- ----------------------------- -------------------------------- --------- -----------
  Stopwatch   Playing duration           17.6 (3.9)                    16.2 (4.1)                       1.14      .26

  ActiGraph   Mean steps/10 seconds^a^   3.2 (0.7)                     2.7 (0.7)                        2.22      .03

  \           Total steps^a^             523.0 (203.3)                 366.4 (172.0)                    2.63      .01
  ---------------------------------------------------------------------------------------------------------------------------

^a^*P*\<.05.

We found that the Sensewear Pro Armband significantly overestimated physical activity (ie, total energy expenditure was more than 500 kcal for a 20-minute AVG play) and that the step count correlations between the Sensewear and ActiGraph were inconsistent for the steps per 10 seconds (*r*=.39) and total steps (*r*=.32). Thus, data from Sensewear were discarded for further analysis.

ActiGraph more accurately assessed trunk movement. This is important because many children jumped around when playing with the Wii Remotes \[[@ref65]\]. According to [Table 2](#table2){ref-type="table"}, when physical activity was measured with the ActiGraph accelerometer, children in the narrative group had significantly (*P*\<.05) more steps during AVG play in terms of the average number of steps per 10-second period (mean 3.2, SD 0.7) and overall (mean 523, SD 203) when compared with the nonnarrative group (10-second period: mean 2.7, SD 0.7; overall: mean 366, SD 172).

Children in the narrative group had significantly lower entropy (mean 0.77, SD 0.14) than the nonnarrative group (mean 0.88, SD 0.15) according to the ActiGraph measurement (*P*=.01 measured by bits of information), that is, the narrative group's physical activity data were clustered around fewer physical activity levels, indicating more consistent physical activity or play at a steadier pace. The standard deviation and coefficient of variation of the physical activity were not significantly different (*P*=.8 and *P*=.13, respectively). These results indicated that the participants' activity patterns were not normally distributed. Thus the entropy analysis was warranted as a measure of variability.

Differences in average play duration (narrative: mean 17.6, SD 3.9 vs nonnarrative: mean 16.2, SD 4.1) and total energy expenditure (narrative: mean 566.9, SD 215.3 vs nonnarrative: mean 495.8, SD 190.7) were not statistically significant between the narrative and nonnarrative groups.

Discussion
==========

Principal Findings
------------------

To the best of our knowledge, this is the first feasibility study of the influence of a narrative on physical activity during AVG play among overweight and obese children. Participants were from diverse backgrounds in an urban area and responded well to the project. The narrative was carefully developed with multiple empirical tests to ensure that plot and characters were closely related to the AVG and were positively received by the diverse child participants. Compared with the original nonnarrative AVG, the addition of a 3-minute narrative cutscene at the beginning of the game play session increased physical activity in children's AVG play, as evidenced by increased average number of steps per 10 seconds and the total step counts. Our findings suggest that the participants in the narrative group were more physically active during game play and more effectively engaging their bodies in swordplay movements than those in the nonnarrative group, who played the original version of the AVG without a narrative cutscene. These findings provide preliminary evidence that an engaging narrative may influence child physical activity during AVG game play.

Children are imaginative beings who could be positively influenced by a make-believe world when a compelling narrative has been developed to meet their developmental, emotional, and recreational needs \[[@ref66]\]. To respond to their needs, the research group conducted extensive formative work to ensure children were involved in narrative development, that character and plot design were child-friendly, and that the narrative was appealing. Thus, when a narrative cutscene corresponds to the original AVG and is engaging, children could be motivated to mentally incorporate the narrative into their active play. Future studies should investigate psychobehavioral mechanisms behind such an effect with the goal of maximizing narrative's impact.

There are several limitations to this study. The scale of this study was small, with a small sample of children playing a single AVG session using multiple measurement devices attached to their body after watching just a 3-minute narrative cutscene in a research laboratory. Because of the feasibility nature of the study, the sample of 40 in this study was initially powered to detect a large difference; future studies should be powered to detect smaller differences. Measurement device placements and the laboratory setting may have caused participants to shorten their natural AVG play time, which could have reduced our ability to detect differences in energy expenditure and AVG play motivation between the conditions. Other studies have found similar unreliable measurement results by Sensewear Armbands among overweight and obese children \[[@ref67],[@ref68]\], possibly because children tend to have a higher body temperature than adults and that changes in skin temperature are central to Sensewear Armbands' energy expenditure calculation. These results suggested that measurement devices should be coordinated to accommodate specific physical activity measurement scenarios and should be able to accurately track physical activity among children. Having heard the story once, the attractiveness of the story may decrease for children who would like to play the game a second time. This may suggest branching narratives or randomized multiple plotlines. In addition, performance-based narrative development may motivate children to repeat AVG game play. Future studies should try measuring participants' physical activity level in a more natural setting for elongated and multiple repeated study sessions and for increased frequency of each play session.

Conclusions
-----------

This is the first feasibility study to systematically vary and test the effect of narrative on children's physical activity during AVG play. Narrative increased physical activity during AVG game play among overweight and obese children as evidenced by more steps per 10-second period and total steps overall. Future research is needed to identify the underlying mechanisms through which this occurs.
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